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SUMMARY

Thelongitudinalstabilitycharacteristicsof a simpleinfrared
* hcmingmissiiehavebeendete&ned in flightwitha roc~et-poweredmmlel

by the LangleyPilotlessAircraftResearchDivision.Staticanddynamic
longittinalstabilityderivativesof thiscruciform,interdigitated,

4 canard-wingmissileconfigurationweredeterminedfroman investigation
usingthepulse-rockettechniquefor a Machnumberrangeof 0.7to 1.4..

Theaveragelift-curveslopeforthemdel variedsmoothlyoverthe
Machnumberrangetested.The largetaillengthof themcdelwas extremely
effectivein increasingthedsmping-in-pitchderivativethroughoutthe
Machnwber rangetestedbut thedsmping,in termsof percentcritical
damping,was approx5ma.tely10 to 20 percentbecauseof the largeinertia
of themodel. Theaerodynaad.c-centerlocationvariedsmoothlywithMach
numberwiththemostforwardlocationoccurringneara Wch numberof 1.0.
Themaximumshiftin theaerodynamic-centerlocationoccurredbetweena
Machnmber of 1.0and1.35. Thisshiftwas approximately9.0 inches
(1.8 bodydiameters).

12?TROlJJCl?ION

Theaccuracyof present-dayaircraftrocketarmsmenthasbeenham-
peredby launchingerrors,randomdispersions,missilereliability,and
missilecomplexity.Theaccuracymightbe improvedby incorporatingsane
typeofhcmingdevicethatwouldreducetheseerrorsanddispersions.
An investigationW beenundertakento developa simpleinfraredhming
systemthatwouldW reliableas wellas rugged. Sucha homingsystem
hasbeendevelopedandis describedin references1 and2. Thebasicidea,.
of thissystem&olves theuse of aerodynamicsto
systemcomplicationsandaidin increasingmissile

,,

helpin reducinghoming-
reliability.Thiswas

.. . .
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accomplishedby usinga flickercontrolto produceroU whichoperates
directlyfrcxnthetargetpositionas a primaryreference,by usinga
rotatingliftvector,andby usimgtherollingof themissileto scan
the seekerfieldof view.

Thispaperpre6ent6theresultsfroma flight-testinvestigation,
usingthepulse-rockettechnique,to determinethe staticanddynamic
longitudinalstabilityderivativesandthedragdatafora missilecon-
figurationsimilarto the onereportedin reference2. TheMachnmber
rangecoveredby thisinvestigationwas approximately0.7 to 1.4. The
modelusedin thisinvestigationwasflighttestedat theLangleyPilotless
AircraftResearchStationat WallopsIsland,Va.

A

S-YMBOL5

U coefficientsarebasedon a bodydiemeterof 5 inches(0.4~6 foot) ~
anda bodycross-sectionalareaof 0.1363 squarefoot.
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pitching-momentcoefficient,
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resultant-forcecoefficientcorrectedfortrim,
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trhn

trimvaluesofmodelduringrolling.)“trim”denote6

Machnumber

periodof oscillation,see

time,sec

Reynoldsnumber

bodycross-sectionalareaat wing-bodyjuncture,0.1353sq ft

velocityofmodel,ft/sec

modelweight,lb

angleof attack,deg

la radians/seeE’

pitchingvelocity,radianE/sec

rollfngvelocity,radians/sec
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MODELANDAl?PKRTUS

ModelDescription

Sketchesof therocket-poweredmodelused
figure1. Sketchesof the controlsurfaceand

NACARM L56D1O

in thistestareshownin
wingsurfaceareshownin

figure2. Photographsof themodelandmodel-boosterccnnbinationare ‘J
showninfigures3 and4, respectively.Physicalcharacteristicsdeter-
minedby preflightmeasurementsarepresentedin tableI. k

Thebodyof themodelconsistedof two cylindricalsections5.0and
5.5 inchesin dismeter,andhada body-length-m#,.ximum-dismeterratio
of 24.X (fig.1). TheS.O-inch-diametersectionwasa modified
IE’AGrocketmotor. Thenoseconsistedof a flatfacewitha hag-reducing
conicalwindshield.The conicalwindshieldwas supportedby an octapod
mountedin frontof theflatnose. Protrudingin frontof theconical
windshieldwasa stingusedto mounttheangle-of-attackindicator
(figs.land 3). The canardsurfacesweremountedon the 5.5-inch-
dismetercylindricalsectionof thebody,wereof taperedplanform,and
hada maximumthicknessat thewing-body@nctureof 5.1 percentof the
chord(fig.2). The canardsurfacesin thehorizontalplanewerefixed
at an angleof incidenceof 3.93° andthe canardsurfacesin thevertical
planewerefixedat zeroangleof incidence.

The60°deltacruciformwingsweremountedon the5-inch-diameter
cylindrical6ectiouof thebodyandwereinterdigitated45° to thecanard
surfaces.Thewinghada modifiedhexagonal.airfoilsectionwitha con-
stantthicknesscorrespondingto a thicknessof 1.4~rcent of thechord
at thewing-bodyjuncture.

Themodelusedin thisinvestigationdifferedfromthemodelof
reference2 as follows:

(1)An angle-of-attackindicatorwasaddedaheadof the conical
windshield.
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(2) Thefrontendof themodelwasfixedto therearsectionof the,–-,
modelin sucha manneras to eliminate
withrespectto therearsection.

(3)The 5.~-inch-diametersection
10 inchesbutthemodeloveralllength

(k) Thetrackingflares@aced on

theroliingof thefrontsection

of thefuselagewa6 lengthenedby
was notchanged.

two of therearfinswere
eliminated.

Themodelwasequipped

Instrumentation

withan NACAsix-channeltelemeterwhich
transmitteda continuousrecordof normal,tr==rse, andlongitudinal
accelerations;angleof attack;totalpressure;andrateof roll. The
transverse,longitudinal,andnormalaccelerometerswerelocatedso as
to be nearthe centerof gravityof themodelwhenthe sustainermotor

●

hadburnedout. Angleof attackwasmeasuredby a free-floatingvane
mountedon a stingwhichprotrudedaheadof thedrag-reducingconical

x windshield(figs.1 and3). Totalpressurewas obtainedby a total-
pressuretubeextendedfromthefuselageaheadof thewingsand in a

plane22~0to themainwingand canardsurfaces.Therate-of-rollinstru-

mentwas locatedjustaheadof the centerof gravityof themodelwhen
the sustainerhadburnedout.

Modelvelocitywas obtainedfromthe CW ~ppler velocimeterandthe
modeltrajectorywas determinedthroughuse of a NACAmodifiedSCR~
radartrackingunit. A radiosonde,releasedat thetimeof flight,was
usedto obtainatmosphericdatathroughoutthealtituderangetraversed
by themodel.

Themodelwaslaunched
launcheras shownin figure

TestTechniWe

at ~“ 17’ elevationanglefroma zero-length
k. Themodelwasboostedto a Machnumber

of 0.7 by a modifiedHVARrocketmotorwhichdeliveredapproximately
7,000poundsof thrustfor1.0second.Afterseparationfrcmthebooster,
a sustainermotor,madeas an integralpartof themodel,delivered
approximately2,7X3poundsof thrustfor2.6 secondsandpropelledthe
modelto thepeakMachnumberof 1.9., Afterthe sustainerburnout,the
modelwas disturbedin pitchby a seriesof sixsmallrocketmotorspro-

-’ vialingthrustnormalto thelongitudinalaxisof themodelandlocated
nearthenoseof themodel. Theserocketmotorsweretimedto firein
sequenceduringthedeceleratingportionof theflight.Transient

<
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responsesof theresultingdisturbancesof themodelwerecontinuously
recordedintheformoftimehistoriesas themodeldeceleratedthrough
theMachnumberrange. Themethodsforobtainingthelongitudinalsta-
bilitydatafromthetransientresponsesarepresentedin references3
and4.

.4

1

HU3CISIONOF DATA

Correction

Thevelocitydata,as obtainedby theCW Dopplervelocimeter,were
correctedforflight-pathcurvatureandwindeffects.ataltitude.The
magnitudesanddirectionof thesewindsweredeterminedby trackingthe
radiosondeballoon.

In orderto obtain
themodel,theangleof
modelpitchingvelocity
in reference>.

theangleof attackat the centerof gravityof ‘d
attackmeasuredat thenosewas correctedfor
andflight-pathcurvatureby themethodpresented

L

Accuracy

It isbelievedthattheabsoluteaccuracyof the qmntities,based
on theaccuracyof themodelandground-instrumentationcalibration,are
withinthevaluestabulatedinthefollowingtablefortwoMachnumbers:
(Themagnitudeof therandome~or canbe seenby the scatterof the
pointson the curves.)

Limitof accuracyof -*
M

M a, deg CL C%in %

0.80 0.01 0.50 0.26 0.13 0.10

1.3’3 .01 .50 .12 .07 .04

~ese valuesmaybe positiveor negativedependingon the
modelandground-instrumentationzerocalibration.

Parametersdependentupondifferencesin
slopessuchas Ck aremuchmoreaccurately

viousl.ymentionederrorswouldindicate.

measuredquantitiesor
determinedthanthepre-

—.r

.



NACARM L56D1O 7

RESULTSAND DISCUSSIONb

i Datawerereceivedforthemodeltestedfor a Machnumkr range
of 0.75to 1.40. TheReynoldsnmnberof thistestrangedfromapproxl.-
mately4 x 106to 9 x 106,perfoot. Variationof Reymoldsnumberwith
Machnumberforthetestis shownin figure5.

Timehistoriesof the liftcoefficientCL,lateral-forcecoeffi-
cient Cy,rollingvelocity~, andMachnumberarepresentedin fi.gure6.
Althoughthemodelhadno controlsto producerollingof themcdelor a
roll-controlsystemto preventrolling,figure6 showsthatas the ms-
tainermotorburnedout (4.7seconds),therollrateof themcdelexceeded
the instrumentationlimitof 10 radiansper second.As theMachnumber
decreased(increasedtime),therollratebecamelessandat a Machnum-
ber of 0.75therollrateof themodelwasnearzero. As may& noted
in figure6, irregularitiesin CL and ~ occurredduringtheflight

●’
of themodel. Theseirregularitiesof CL and Cy aredueto the
rollingof themodelsincethedisturbingforceoccuxredonlyin the

● pitchp-. The irregularitiesof the liftcoefficientmadeit impos-
sibleto obtainthemodelpried or theexponentialdampingconstantby
thedirectsmal.ysisof thetimehistoriesof theliftcoefficient.

In orderto obtaintheperiodandtheexponentialdsmpingconstant
of themcdel,it was necess& to analyze
resultant-forcecoefficientby themethal
methodconsistedof plotting~ against
rocketdistwbsmcesand,titeraccounting
sible,developingtimehistoriesof CR.
historyof resultant-forcecoefficientis

thetimehistoriesof the
presentedin reference4. This
~ foreachof thepulse-
forthetrimas wellas pos-
A typicalplotof thetime
presentedin figure7.

LiftCoefficient

Plotsof liftc~ffi.cientagainstangleof attackare shownin fig-
ure 8 forvariousMachnmbers. TIE liftcoefficientagainst-e of
attackshowedsomenonlinearityies;however,notenoughdatawereavail-
ableto deterdne
angleof sideslip
makeplotsof ~

Presentedin
1 withMachnumber.

any consistent&iation”withangl~of attack. Since
was notmeasmed on thismodel,itwas notpossibleto
against p or CR againstresultsmtangle.

figure9 is thevariationof averagelift-curveS1OX
The13ft-curveslopewas linearwithinthe limitsof.

the dataandvariedsmoothlywithMachnumberovertheentireMachnmnber
rangetested.

.
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DynsmicStability

Theexponentialdampingconstantb ispresentedinfigure10 for
themodeltested.Therollingof themodelandtheinteractionof the
normalandtransversemotionsmadeit necessaryto obtaintheexponen-
tialdampingconstantfromthetimehistoriesof resultant-forcecoef-
ficientratherthanfromtheangle-of-attackor normal-acceleration
traces.Themethodof obtainingtheexponentialdsmpingconstantis
presentedin reference4. Someof the scatterin b canprobablybe
attributedto theirregularitiesin trimwhichwerecausedby therolling
motiou.

Thedamping-in-pitchderivativec%+ c~ was obtainedfromthe
fairedvaluesof b (fig.10)andthefairedvaluesof c% (fig.9)

andispresentedas a functionofMachnumberin figureU_. Unpublished
datafora similarhigh-fineness-ratiomissileconfigurationshowthat
thedemping-in-pitchderivativec- + c~ was of the ssmeorderof
magnitudeas thatofthepresenttest. Thevalueof

%
+ CM forthe

presenttestis about10 timesthatforthemodelof referencek which
hadaboutthessmeratioof bodycross-sectionalareato wingarea.

FortheMachmanberrangetested,thelargetaillengthwasextremely
effectivein increasingthedamping-in-pitchderivativec~q+ c% but
thedamping,in terms
to 20 percentbecause

Thelongitudinal
thetimehistoriesof

of percentcriticaldemping,wasapproximately10
of thelargeinertiaofthemodel.

StaticStability

periodof oscillationof themodelobtainedby using
theresultant-forcecoefficientis presentedin fig-

ure12 aB a functionof Machnumber.Thepitching-momentderivativeQ
wasobtainedfromthefairedvaluesoftheperiodof oscillationof the

(
model assuming~ )

linearwith a andispresentedin figure13 as a
functionofMachnumber.Thepitching-momentderivative(fig.13)was
nearlyconstantthroughoutthetestMach
matesindicatedthatthepitchingmoment
speedsthanat subsonicspeeds.someof
andflightdatamaybe attributedto the
bodyof themodel.

numberrange. Preliminaryesti-
wouldbe greaterat supersonic
thisdifferencebetweenestimates
influenceof theflatnoseon the

Aerodynamic-centerlocationkasdeterminedfromthe c% curveand

thefairedvaluesof Ck andispresentedinfigure14 in termsof inches

fromstationO againstMachnumber.Alsoincludedin figure14 arethe

a

r

‘d

s’



G
NACARM L%D1O

center-of-gravity

kili&!@2?=-w@ 9

locationsof themodelwithmstainerloadedandempty.
k Theaerodynamiccentermovedtowardthenoseof themodelas theMach

manberincreasedfrom0.75to 1.0=d thenstarteda gradualrearward
i movementwithincreasedMachnumber.Thisrearwardmovementresultedin

a maxfunmnshiftof 9 inches(1.8bodydismeters)betweena hch number
of 1.0anda Machnumberof 1.35. Theaerodynmnic-centerlocationdid
notappearto havebeenaffectedby therollingof themodel.

Drag

Dragdataforthemodeltestedis presentedin theformof
C?fnin’

basedon thefuselagecross-sectionalarea,against Mach n~b= f-nfig-
ure1>. Thedragpolarsforthismodelwereobtainedwhilethetrans-
verseaccelerationwas nearzero;therefore,no appreciabledragoccurred
dueto angleof sideslip.As maybe seenin figure15,thevalues

‘f C%in
arelarge,butfora configurationsuchas thisthesevalues

.
appearto be reasonable.The configurationusedin thistestwas not
an optimumconfirmationfordxag. As statedin reference2 thiscon-

s figurationwas chosenin orderto use standardcomponents,to havesim-
plicityin operation,andto keepdevelopmentcostandteststo a minimum.

CONCLUSIONS

Theresultsof a flightinvestigationof a simpleinfraredhcming
missileconfigurationfora Machnumberrangeof 0.7 to 1.4 indicatedthe
followingconclusions:

1. Theaveragelift-curveslopeforthemodeltestedvariedsmoothly
withMachnumberovertheentireMachnumberrange.

2. Thetestsindicatesthatthelargetaillengthof themodelwas
extremelyeffectivein increasingthedsmping-in-pitchderivativethrough-
outtheMachnumberrangetestedbutthedsmping,in termsof percent
criticaldsmping,was appromtel.y 10 to 2Q percentbecauseof the large
inertiaof themodel.

-’

.
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3. Theaerodynamic-centerlocationvariedsmoothlywithMachnumber
withthemostforwardlocationoccurringneara Machnumberof 1.0. The .

mmdmum shiftin theaerodynamic-centerlocationoccurredbetweena Mach
numberof 1.0and1.35. Thisshiftwasapproximately9.0inches(1.8body
dimeters).

1

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Ia@ey Field,Vs.,April5, 1956.

i

w
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TABLEI r

PHYSICAL

Wing:

CHARACTERISTICSDETERMINEDBY PREFLIG~MEASUREMENTS

Totalwingareain oneplaneincludingbody
intercept,si ft...... . . . . . ... . . . . . . . .

Wlngmeanaerodynamicchord,ft . . . .. . . . . . . . . .
Thickness-chordratioat bodyjuncture. . . . . . . . . . .
Wingspan,ft....... . . . . . . . . . . . . . . . .
Leading-edgesweep,deg.. . . . . . . . . . . . . . . . .

Canardcontrolsurfaces:
Exposedcanardareain oneplane,sq ft . . . . . . . . . .
Exposedcanardmeanaerodynamicchord,ft . . . . . . . . .
Thickness-chordratioat bodyjuncture. . . . . . . . . . .
Control-surfacespan)ft. . . . . . . . . . . . . . . . . .

General:
Max.imumbcdydismeter,in.. . . . . . . . . . . . . . . .
B&y diameterat wing-bodyjuncture,in. . . . . . . . . .
Finenessratio. . . . . . . . . . . . . . . . . . . . . . .
Maximumbcdycross-sectionalarea,sqft . . . . . . . . . .
Bodycross-sectionalareaat wing-bodyjuncture,sq ft . . .
Weight,modelsustainerloaded,lb . . . . . . . .‘.. . . .
Weight,modelsustainerempty,lb . . . . . . . . . . . . .
Mcmentof inertia-
Iy,modelsustainerempty,elug-ftd. . . . . ._.. . . .

Ix, modelsustainerWtY2 Slug-ftp. . . . .._..”...

Center-of-~avitylocation,modelsustainerempty,
in.frcmnose . . . . . . . . . . . . . . . . . . . . . .

Center-of-gravitylocation,modelsustainerloaded,
inofromnose o..... . . . . . . . . . . . . . . . .

Ratioof spanof controlsurfacesto spanofwings, . . . .

2.00
1.24
0.014
2.15

60

0.311
0.481
0●051
1.125

5*5

24?$
0.165

0.1363
158.5
u6.5

%-4.72
0.20

69.99

76.88
0.52

u
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Mcdel rotated 46°

Figurel.-Sketche~ofmodeltested. Alld.hm3i.on6 are h inches.
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